Patients presenting with ruptured abdominal aortic aneurysms are most often treated with open repair despite the fact that endovascular aneurysm repair is a less invasive and widely accepted method with clear benefits for elective aortic aneurysm patients. A debate exists regarding the definitive benefit in endovascular repair for patients with a ruptured abdominal aortic aneurysm. The aim of this literature review was to determine if any trends exist in favor of either open or endovascular repair.
Background
Despite advances in operative technique, ruptured abdominal aortic aneurysm (rAAA) remains fatal in the majority of cases and intraoperative mortality remains high in those who survive to undergo repair [1] . In 1994, two vascular teams almost simultaneously introduced an alternative to surgical treatment for rAAA -endovascular aneurysm repair [2, 3] . Today, patients presenting with a rAAA are most often treated with open repair (OR) [1] . Endovascular aneurysm repair (EVAR) is less invasive compared to OR and is widely accepted as a method with clear benefits to patients undergoing elective AAA repair [4] . A debate exists regarding the definitive benefit in EVAR for rAAA patients [5, 6] . It is expected that modern randomized controlled trials (RCTs) could provide level I evidence and lead to clinical recommendations. Four RCTs are already published regarding this subject.
The aim of this literature review was to compare mortality, complications rates, blood loss, and transfusion needs after EVAR or for rAAA and identify if any trends exist in favor of either method.
Material and Methods
A literature search was performed using PUBMED, OVID, and Google Scholar databases. Text keywords included: endovascular, stent, endograft, stent-graft; open, conventional, surgical; abdominal aortic aneurysm or AAA; and randomized, randomization, adjusted, adjustment, multivariate, multivariable, logistic or regression; and emergency, ruptured or rupture.
Results were filtered for English language and human subjects only. Only those publications comparing rEVAR and rOR were included in the review. Literature search results that did not provide comparative data in any form were excluded [7] [8] [9] .
The team of authors decided to include data from publications that did not clearly state the comparative nature of their results only if this data could be retrieved from the manuscripts.
Data on symptomatic AAAs (sAAAs) were filtered out, as sAAA is not a synonym for rAAA and the term includes peripheral embolism and painful non-ruptured aneurysms.
The final short-list comprised 64 publications. Some publications failed to mention the statistical significance of their results, but these were included in our review and are distinguished by specifying the lack of p values. In these cases, conclusions of the respective authors should be read and accepted with caution and treated as evidence level 4 or 5. The team of authors used these publications only to identify existing trends.
Results
Out of 64 publications, 25 (39%) were retrospective studies, 12 (18.8%) were population-based, 21 (32.8%) were prospective, 5 (7.8%) were the results of RCTs (with 2 publications coming from the same RCT), and 1 (1.6%) was a case-series.
Sixty-one studies report on early mortality and provide comparative data between the rEVAR and rOR groups ( Table 1) . Twenty-nine of these studies support that rEVAR presented with a lower early mortality rate, but only 22 report the statistical significance of the respective results. The rest of the studies, including 4 RCTs, conclude that there is no difference in early mortality between the 2 groups. Almost all the population-based studies demonstrated a lower early mortality rate after rEVAR; therefore, results in favor of rEVAR come from a larger population sample; 15 125 (10%) patients underwent rEVAR out of 147 426 patients in total. There is only 1 population-based study in favor of rOR; therefore, the population sample size of all the studies supporting lower early mortality in the rOR group is significantly smaller (a sample of 10 695 patients in total. Only 3 studies supporting similar early mortality between rOR and rEVAR did not provide the statistical significance of their results.
Late mortality after rEVAR compared to that of rOR was reported in 21 manuscripts (Table 2 ). Authors report their respective results for periods ranging from 3 to 60 months. Results from 13 studies (61.9%) show no difference in late mortality rates between the rEVAR and the rOR groups, with 3 RCTs being among these studies. Seven studies (33.3%) report lower late mortality rates for the rEVAR group, including 2 population-based studies and 1 prospective intention-to-treat (ITT) study. Only 1 study (4.8%) reported a higher late mortality rate in the rEVAR group, but if early data is excluded (prior to 2005), the respective late mortality rates do not differ between the rEVAR and the rOR groups (p=.57).
Thirty-nine publications report on the complication incidence, most in a narrative way, with only 12 publications reporting their complication rates with statistical significance ( Table 3) . Twenty of these publications support that the rEVAR group has a lower complication rate and 18 report no difference between the rEVAR and the rOR groups. One study concluded that the rEVAR group had a higher incidence of complications, but no p value was reported [10] . Data regarding complications are extremely heterogeneous in methods of recording, grouping, and reporting the complications.
Length of hospital stay (LOS) was reported to be shorter for the rEVAR group in 20 studies, despite 9 of them not stating whether this result is statistically significant. One RCT (IMPROVE) supported that LOS is shorter for the rEVAR group. Twenty-one publications report on intensive care unit length of stay (ICU-LOS) ( Table 4 ). Six of these studies report that there is no difference in ICU-LOS between patients who have undergone rEVAR or rOR, with only 1 study failing to report a p value. Fifteen publications showed that ICU-LOS was shorter in the rEVAR group, with 3 of them not reporting a p value to support their results.
Blood loss and need for transfusion of either red cells (RC) or fresh frozen plasma (FFP) was consistently lower in the rEVAR group, as suggested by the results of 22 publications (Table 4) , including results of 2 RCTs -AJAX and ECAR. Two studies reported that there is no difference between the transfusion needs of patients undergoing either rEVAR or rOR, but with only a marginal statistical significance (p=.07). One study showed no difference between the 2 groups regarding FFP transfusions, but RC needs were lower in the rEVAR group.
Discussion
Despite the widespread use of EVAR as a safe and, in some cases, superior method to OR for elective AAA repair, its role in rAAA repair remains controversial due to the absence of well-supported evidence. Published RCTs to date have not succeeded in clarifying what the criterion standard for rAAA repair should be.
Benefits of rEVAR regarding early mortality (30-day or in-hospital) remain ambiguous, as approximately half of the published studies report a lower early mortality in the rEVAR group, while the other half support that there is no significant difference between the rEVAR and the rOR groups in early mortality. To confound matters further, all 4 published RCTs support a lack of difference between the 2 groups in terms Saqib [25] No difference N/A . 66 Wu [82] No difference N/A .093
Desgranges [86] No difference 12 .296
Sarac [73] No difference N/A .24 Ohki [36] Lower in rEVAR group N/A van Beek [24] No difference N/A Greco [35] Lower in rEVAR group (regarding systemic complications; no difference in postoperative method-related complications) N/A Arya [47] No difference N/A Hinchcliffe [37] No difference N/A Anain [56] No difference N/A Saqib [25] No difference N/A Wu [82] No difference N/A Larzon [28] No difference N/A Franks [48] No difference .28
Ockert [53] No difference .9
Coppi [49] No difference N/A Reimerink [81] No difference .56 @ 30 days;.71 @ 6 months Vaddenini [43] No difference N/A Lee [41] No difference . 26 Visser [29] No difference .40 in-hospital;.36 @ 1 year Wibmer [30] No difference N/A Lyons [69] No difference NS [11] [12] [13] [14] [15] . Another meta-analysis, by van Beek et al., which included the 3 above-mentioned RCTs and a number of other studies, reported that rEVAR is not inferior to rOR and should be considered an accepted repair method for rAAA [16] . Badger et al. also reported non-inferiority of rEVAR compared to rOR, a finding supported by Sweeting et al. in their meta-analysis [17, 18] . Despite the fact that many studies report that there is no significant difference in early mortality between the rEVAR and the rOR groups, a clear trend exists in favor of rEVAR. This trend appears only when mortality rates, expressed in percentages as rates for rEVAR, are consistently lower than the ones for rOR.
This trend has to be studied further to be accepted as scientifically valid, but it cannot be dismissed out of hand. On the basis of all of the above, rEVAR should be considered at least equal to rOR in terms of early mortality and is an acceptable method of rAAA repair.
In terms of late mortality, the data provided is rather heterogenous, as authors used different periods of time to report on late mortality. In the 22 publications included in our review, these periods vary widely, from 3 to 60 months. Approximately two-thirds of publications report that there is no difference between rEVAR and rOR groups for late mortality. Seven publications report that rEVAR group has a lower late mortality incidence and these results are statistically significant. The retrospective study by Huang et al. showed higher rEVAR late mortality for patients who had undergone a repair between 2000 and 2005 (p<.001), but there was no difference in late mortality between rEVAR and rOR patients who had undergone a repair after 2005 (p=.57) [19] . These findings could be explained by the use of improved devices in the latter years of the study (2005-2011), but also by the experience vascular surgeons have acquired over time. Since endovascular devices have changed and skills have improved, data acquired over longer periods of time should probably not be pooled together. Data on late mortality from the publications included in this review seem to support that rEVAR is equal to rOR, but a rEVAR superiority trend could still be identified, as mentioned by Sweeting et al. in their recent meta-analysis [20] .
Many complications can occur during or after rAAA; some are modality-specific, such as the occurrence of endoleaks after rEVAR, while other complications are common to both repair methods, and can be systemic (blood loss, myocardial infarction, multi-organ failure, renal injury, abdominal compartment syndrome) or local (wound infection, hematoma). Abdominal compartment syndrome (ACS) is a life-threatening complication [21] that is often underdiagnosed; its reported prevalence is between 20% and 25% [5] . In this review, only 3 papers concluded that rEVAR had significantly higher incidence of ACS than rOR [22] [23] [24] . One paper reports no difference between the rOR and rEVAR groups regarding ACS [25] . Five more papers describe single cases of ACS without any comparative data [26] [27] [28] [29] [30] . Publications that present data on incidence of complications and are included in this review use different methods of recording, grouping, and reporting these complications. These differences make it difficult to perform a meta-analysis of the data and therefore can be listed only for reference purposes without the ability to draw a general conclusion (Table 3) . Most publications tend to support that the incidence of complications is lower in the rEVAR group, but some of them either fail to report whether the respective results are statistically significant, or draw different conclusions for each complication without statistical analysis of pooled complication incidence.
Two-thirds of publications support that hospital length of stay (LOS) is shorter in the rEVAR group, with 1 RCT included in these publications (IMPROVE). On the other hand, the rest of the publications, including 2 RCTs (AJAX and ECAR), support that there is no statistically significant difference in LOS between the rEVAR and the rOR groups. The ICU-LOS was shorter in the rEVAR group according to most publications. Results from 2 RCTs seem contradict each other, with the ECAR results supporting shorter ICU-LOS in the rEVAR group and AJAX results finding no significant difference in the ICU-LOS of rEVAR compared to rOR. The only meta-analysis regarding LOS in rAAA repair, recently published by Thomas et al., support significantly shorter LOS in the rEVAR group [15] .
In most publications, the rEVAR group consistently presented with less blood loss and lower need of red cells (RC) and fresh frozen plasma (FFP) transfusions. Less blood loss and lower need for transfusions can be considered a clear advantage of rEVAR and because enough evidence exists to support this advantage, it can safely be taken under clinical consideration.
Further considerations demonstrate the heterogeneity of the studies included in this review. One major difference is the type of endograft used in the rEVAR procedures, with some centers using aortouniliac endografts combined with an open femorofemoral bypass, while other centers used bifurcated or tube grafts. Outcomes from these 2 different approaches to rEVAR may in some aspects vary [31] . Furthermore, endografts of a similar kind (tube, bifurcated, or aorto-uniliac) differ in the manufacturing method and the materials used, a factor that has been found to play a role in some of the outcomes [32] .
Hostile aortic anatomy has been an exclusion criterion in the included publications, as rEVAR should ideally follow the indications-for-use (IFUs) of the endograft chosen. This is a bias of all the literature we have reviewed, but not one that can be circumvented. Since anatomic suitability is essential for rEVAR, patients with hostile aortic anatomy tend to be treated using rOR [6] . Another patient-related variable is their hemodynamic state at presentation. Some centers are reluctant to treat unstable rAAA patients with rEVAR because a CT-angiography (CTA) is necessary for pre-operative planning, which is a diagnostic examination that requires a period of time. In most centers, the time necessary to complete a CTA does not influence mortality, and a study has reported that rEVAR in unstable patients has lower early mortality compared to rOR [33] .
Center-related characteristics are also reported to have an impact on the rEVAR results. A number of studies have demonstrated that high-volume centers performing rEVAR show lower mortality and better overall results than the centers with lower volumes of patients [33] [34] [35] .
Conclusions
Publications comparing rEVAR to rOR have similar primary endpoints, such as early and/or late mortality and incidence of complications. Some include secondary endpoints, such as LOS, ICU-LOS, operative time, blood loss, and transfusion needs. The differences between the publications lie in the design of the respective study, the study duration, the type of endografts used, volume of patients each study center enrolled, and many other characteristics, each affecting the overall outcome. RCTs have not been able to provide clear conclusions apart from that rEVAR is not inferior to rOR regarding mortality and complications. For now, one of the points on which the existing literature seems to agree upon is the reduced blood loss and the less frequent need for transfusion in patients undergoing rEVAR. The other and most significant point is that rEVAR can now be considered a safe method of treating rAAA, being at least equal to the well-established rOR. Further studies are necessary to clarify the advantages and disadvantages of each repair method and the sub-groups of patients who will benefit the most from each method.
